



Antimicrobial and antifouling activities achieved by extracts of seaweeds from Gulf of 
California, Mexico
Actividades antimicrobiana y anti-incrustante obtenidas de los extractos de algas marinas del 
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Laurencia johnstonii,	Gymnogongrus martinensis,	Ulva lactuca and	Codium fragile	for	potential	industrial	applications	
through	 evaluation	 of	 the	 antibacterial	 activity	 against	 pathogenic	 bacteria	 (5	 strains)	 and	 the	 antifouling	 potency	
against	the	growth	of	key	species	of	marine	colonisers	(7	bacteria,	5	fungi	and	11	microalgae).	The	organic	extract	of	L. 
johnstonii, U. lactuca and	D. flabellata	have	bacterial	antibiosis.	The	ethereal	extracts	were	more	active	in	comparison	
with	buthanol	extracts	against	the	bacterial	strain	Staphylococcus aureus.	The	best	antifouling	results	were	obtained	





Se	analizaron	seis	especies	de	macroalgas	comunes	del	Golfo	de	California:	Dictyota flabellata, Padina concrescens, 
Laurencia johnstonii,	 Gymnogongrus martinensis,	 Ulva lactuca y Codium fragile	 para	 determinar	 su	 potencial	 apli-
cación	industrial,	a	través	de	la	evaluación	de	la	actividad	antibacteriana	frente	a	bacterias	patógenas	(5	cepas),	y	
el	 potencial	 anti-incrustante	 como	 inhibidores	 de	 crecimiento	 de	 especies	 colonizadoras	 en	 ambientes	 marinos	 (7	
bacterias,	5	hongos	y	11	microalgas).	Los	extractos	orgánicos	de	L. johnstonii,	U. lactuca	y	D. flabellata	presentaron	
antibiosis	bacteriana.	Los	extractos	etéreos	fueron	más	activos	en	comparación	con	los	extractos	de	butanol	frente	
a	la	cepa	bacteriana	Staphylococcus aureus.	Los	mejores	resultados	de	actividad	anti-incrustante	se	obtuvieron	con 
U. lactuca	y	L. johnstonii	(0.1-1	µg	ml-1)	frente	a	todas	las	cepas	probadas.	C. fragile	mostró	una	significativa	actividad	
anti-incrustante,	presentando	una	concentración	mínima	inhibitoria	(MIC)	entre	1-10	µg	ml-1,	frente	a	las	microalgas	










can	 be	 used	 in	 the	 treatment	 of	 human	 diseases	 or	 to	 control	
the	 colonization	 of	 fouling	 organisms	 on	 man-made	 surfaces.	




active	 compounds	 (Duffy	 &	 Hay,	 1990;	 Charzeddine	 &	 Fariñas,	
2001).	These	compounds	have	specific	chemical	structures	that	
confer	 biological	 defense	 capabilities	 against	 grazers	 and/or	
the	installation	of	epiphytes	and	fouling	organisms	(Duffy	&	Hay,	
1990;	Hay	1996;	Magallanes	et al.,	2003;	Hellio	et al.,	2004).	Many	






















these	 chemicals	 from	 a	 business	 perspective	 (Marechal	 et al.,	
2004).














The	 increase	 in	 the	current	problems	of	growing	 resistance	 to-




Another	 potential	 utilization	 of	 bioactive	 compounds	 from	









used	 paints	 containing	 toxic	 compounds	 such	 as	 arsenic	 and	










zone:	 in	 the	summer,	 tropical	seaweed	species	will	be	present.	
During	the	winter	there	is	a	shift	to	temperate	species	(Cruz-Ayala	
et al.,	1998).	Some	species	as	Codium, Dictyota, Ulva	or	Laurencia	
are	found	all	year	long	and	are	very	abundant	(Cruz-Ayala	et al.,	
1998).	 All	 these	 species	 face	 very	 high	 environmental	 pressure	
from	herbivorous	fishes	and	other	predators	(Duffy	&	Hay,	1990).
It	has	been	stated	that	several	seaweeds	did	exhibit	signifi-
cant	 variation	 of	 the	 production	 of	 bioactive	 compounds	 (Hellio	
et al.,	2004;	Marechal	et al.,	2004)	concomitant	with	the	seasonal	
variation	 of	 the	 fouling	 pressure.	 A	 higher	 production	 of	 bioac-
tive	compounds	in	spring	and	summer	developed	during	the	algae	
and	invertebrates	spawning	season.	In	this	study	we	describe	the	
antibacterial	 and	 antifouling	 activities	 of	 crude	 extracts	 of	 sea-
weeds	collected	from	the	Gulf	of	California.
MATERIALS AND METHODS




et	 Gardner	 and	 Padina concrescens Thivy,	 two	 Rhodophyta,	
Florideophyceae:	 Laurencia johnstonii Setchell	 et	 Gardner,	 and	












epiphytes,	 sand,	 necrotic	 parts,	 etc.	 and	 air-dried	 at	 room	 tem-
perature	in	the	shade.	Specimens	were	stored	at	-20	°C	prior	to	
extraction.




reduced	 pressure	 to	 give	 a	 first	 crude	 extract.	 Subsequently,	
the	crude	extract	was	suspended	in	50	ml	of	distilled	water	and	
extracted	three	times	with	50	ml	of	ethyl	ether	for	30	minutes	at	
room	 temperature.	 The	 ether	 phase	 was	 concentrated	 under	
reduced	pressure	 to	give	 the	ether	extract.	The	aqueous	phase	
was	 extracted	 again	 with	 50	 ml	 of	 buthanol	 for	 30	 minutes	 and	





Bioassays toward pathogenic bacteria. The	bioactivity	was	
performed	using	an	agar	diffusion	test	(NCCLS,	1988)	against	five	
strains	of	human	pathogenic	bacteria,	one	Gram	negative:	Esch-
erichia coli	 (ATCC	 BAA-196),	 and	 four	 Gram	 positive:	 Staphylo-
coccus aureus	 (ATCC	 BAA-42),	 Bacillus cereus (ATCC	 10987), 



















25374), Polaribacter irgensii	 (ATCC	 700398),	 Pseudoalteromonas 
elyakovii (ATCC	 700519), Rosevarius tolerans	 (DSM	 11457),	 Vib-
rio aestuarianus (ATCC	 35048), Vibrio	 anguillarum (ATCC	 19264)	
and Vibrio pomeroyri (CAIM	 578).	 These	 strains	 are	 involved	 in	
the	colonization	of	 immersed	surfaces.	The	extracts	were	 incu-
bated	 with	 100	 µL	 of	 bacterial	 solution	 (2	 ×	 108	 cells	 ml-1)	 in	 96	
wells	 (VWR),	 in	 LB	 medium	 (Luria	 Hinton	 Broth)	 supplemented	
with	NaCl	(35	g	l-1)	at	30	°C	for	72	h.	Each	experiment	was	run	in	
six	 replicates	and	with	 two	batches	of	microorganisms.	Control	
consisted	 of	 seawater.	 The	 minimum	 inhibitory	 concentrations	




Antimicroalgal	 activity	 of	 extracts	 were	 evaluated	 using	
benthic	phase	of	six	temperate	microalgae	species:	Halamphora 
coffeaformis (Agardh)	Levkov	(Bacillariophyceae) (AC713), Cylin-
drotheca closterium (Ehrenberg)	 Reimann	 et	 Lewin	 (Bacillario-





(Bacillariophyceae)	(AC181), Pleurochrysis roscoffensis (Dange-
ard)	Fresnel	et	Billard	(Prymnesiophyta)	(AC32), Exanthemachry-
sis gayraliae	Lepailleur	(Prymnesiophyta)	(AC15), Chlorarachnion 
globosum Ishida	et	Hara	(Chlorarachniophyta)	(AC132), and	four	
tropical	microalgae Rhodosorus magnei Fresnel	et	Billard	 (Rho-
dophyta)	(AC130), Neorhodella cyanea (Billard	et	Fresnel)	Scott,	
Yokoyama,	 Hara	 et	 West	 (Rhodophyta)	 (CCAP	 1346), Prymne-
sium calathiferum Chang	 et	 Ryan	 (Prymnesiophyta)	 (MLB298), 
Ochrosphaera neapolitana Schussnig	 (Prymnesiophyta)	 (CCMP	
593)	 and the	 marine	 dinoflagellate	 (Dinophyta) Gambierdiscus 




perate	 strains	 and	 at	 25	 °C	 for	 tropical	 strains,	 optical	 density	




of	 marine	 fungi	 obtained	 from	 the	 culture	 collection	of	 the	 Uni-
versity	 of	 Portsmouth	 (UK):	 Halosphaeriopsis mediosetigera 
(Cribb	 et	 Cribb)	 Johnson, Asteromyces cruciatus Moreau	 et	 M.	
Moreau	 ex	 Hennebert, Lulworthia uniseptata Nagakiri, Zalerion 
sp. and Monodictys pelagic (Johnson)	 Jones.	 Microorganisms	
were	placed	in	a	liquid	medium	containing	the	extracts	for	test-










Towards pathogenic assay:	The	results	 indicated	that	only	
Laurencia johnstonii, Dictyota flabellata and Ulva lactuca	showed	
activity	against	pathogenic	bacteria	in	humans.	The	ether	extracts	
for	 this	 species	 being	 the	 most	 active	 against	 Staphylococcus 
aureus.	Only	 the	buthanol	 fraction	 from	D. flabellata	was	active	
against	the	same	strain.	In	the	case	of	tests	against	Escherichia 
coli,	 Bacillus cereus, Bacillus subtilis and Staphylococcus epi-
dimidis	extracts	showed	no	activity	(Table	1).
None	of	the	negative	control	discs	presented	growth	inhibi-
tion,	 thus	 ruling	 out	 the	 influence	 of	 solvents	 on	 the	 bioactivity	






























8.14 E 2.40 —
B 0.07 —
Diameter	of	inhibition	zone	of	bacterial	growth	in	mm.	(-)	=	Negative	result,	E	=	Either	fraction;	B	=	Butanol	fraction.	No	activity	was	re-




that	 the	 algae	 Ulva lactuca and Laurencia johnstonii	 showed	
the	highest	activity	against	all	organisms	tested	(Tables	2-5).	So	
against	strains	of	marine	bacteria	 inhibited	by	growth	with	MIC	
values	of	0.1	 to	1	µg	ml-1	while	 the	 rest	of	 the	species	had	 low	
activity	with	values	greater	than	50	µg	ml-1	(Table	2).	The	strains	
most	sensitive	to	the	extract	from L. johnstonii	were Halomonas 
marina and Rosevarius tolerans	with	MIC	values	of	0.1	µg	ml-1.
Ulva lactuca	and L. johnstonii	were	active	against	all	strains	
of	temperate	microalgae	with	inhibitions	ranges	between	10	and	





activity	 against	 three	 tropical	 strains	 although	 with	 higher	 con-
centrations	 (10	 µg	 ml-1).	 However,	 it	 is	 interesting	 that	 activity	
against	 tropical	 strains	 was	 increases	 and	 species	 such	 as	 C. 
fragile	 and	 P. concrescens	 showed	 activity	 against	 Rhodoso-
rus magnei, Neorhodella cyanea and Prymnesium calathiferum	
(Table	4).







There	 are	 numerous	 reports	 of	 compounds	 obtained	 from	 sea-
weeds	with	a	wide	range	of	biological	activities	such	as	antibi-





This	work	 represents	 the	 initial	study	which	describes	 the	anti-
fouling	activity.
The	main	objective	of	this	study	was	to	evaluate	the	activ-






























Dictyota flabellata >50 >50 >50 >50 >50 >50 >50
Padina concrescens 10 >50 25 >50 >50 25 25
Laurencia johnstonii 0.1 1 1 0.1 1 1 1
Gymnogongrus martinensis >50 >50 >50 >50 >50 >50 >50
Ulva lactuca 1 10 1 1 10 1 1














Dictyota flabellata >	50 >	50 >	50 >	50 >	50 >	50
Padina concrescens >	50 >	50 >	50 >	50 >	50 >	50
Laurencia johnstonii 25 10 10 25 50 25
Gymnogongrus martinensis 10 10 >	50 10 >	50 >	50
Ulva lactuca 10 10 10 10 10 25













to	 the	 most	 sensitive	 bacteria,	 such	 as	 Gram-positive	 bacteria.	
Laurencia johnstonii	extracts	showed	good	activity	also	against	
E. coli.	 In	other	studies	the	extract	of	 this	species	 it	had	shown	
activity	 (Castro-Reyes,	1997).	L. johnstonii	has	been	reported	as	
endemic	to	the	Gulf	of	California	and	studies	from	Bahía	de	La	Paz	
where	 its	 raw	 extracts	 presented	 antimicrobial	 activity	 against	
Bacillus subtilis, Staphylococcus aureus	 and	 E. coli.	 This	 activ-
ity	reconfirms	that	this	species	is	a	potential	source	of	bioactive	
compounds	(Castro-Reyes,	1997).















contrary	 to	 reported	 by	 other	 authors.	 Hellio	 et al.	 (2000,	 2001,	










ylmajapolenes,	 halogenated	 sesquiterpenes,	 some	 halogenated	
acetogenins	 and	 bromoalenes.	 All	 these	 compounds	 displayed	
antibacterial	activity	against	some	marine	bacterial	strains.
The	results	presented	here	confirm	 that	 the	seaweed	Lau-














Dictyota flabellata >	50 >	50 >	50 >	50 >	50
Padina concrescens 10 10 10 >	50 >	50
Laurencia johnstonii 1 1 1 1 0.1
Gymnogongrus martinensis >	50 >	50 >	50 >	50 >	50
Ulva lactuca 1 0.1 1 1 0.1








Zalerion sp. Monodictys 
pelagica
Dictyota flabellata >50 >50 >50 >50 >50
Padina concrescens 25 25 50 10 10
Laurencia johnstonii 1 1 10 0.1 1
Gymnogongrus martinensis >50 >50 >50 >50 >50
Ulva lactuca 1 1 10 1 1
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